Minimal data for the present MDAC analysis were comprised of the following variables: cause of death, age, race, Hispanic ethnicity, sex, disability, marital status, employment status, educational attainment, citizenship, housing tenure, rurality, health insurance status, incarceration, household poverty, and Census Division. MDAC data cannot be shared publically in accordance with U.S. Code Title 13 privacy protection requirements. Data are, however available on a need to know basis via submission of a request to the MDAC Steering Committee as outlined on the MDAC website: [www.census.gov/mdac](http://www.census.gov/mdac). Need to know justifications include analysis for publication, validation of prior publication findings, or extension of previous research. There are two principal methods available to access the full MDAC dataset. The authors of the present study accessed the MDAC dataset in coordination with a Census Bureau analyst. The other option is to independently access the data as a Census Bureau Special Sworn Status investigator, at a Federal Statistical Research Data Center (FSRDC). FSRDC information is found at the website: [www.census.gov/fsrdc](http://www.census.gov/fsrdc). The authors of the present study had no special access privileges in accessing MDAC which other interested researchers would not have.

Introduction {#sec005}
============

In the United States fatal drug overdose rates more than tripled from 1999 to 2017. Opioid overdoses were by far the largest contributor to the 70,237 fatal drug overdoses in the United States during 2017. \[[@pone.0227966.ref001]\] The U.S. opioid epidemic has evolved over time. \[[@pone.0227966.ref002]\] In the early 1980s, opioids were primarily prescribed for acute pain, and a substantial fraction of drug-related deaths were attributed to the diversion to opioids to non-medical uses. A decade later, in response to perceived undertreatment, the practice of prescribing opioids for chronic pain management gained increasing favor. By 2000, this trend accelerated after the withdrawal of popular prescription nonopioid analgesics due to cardiovascular risks and because of concerns about acetaminophen toxicity. Circa 2010, combined opioid analgesic and heroin use was reported with increased frequency. By the late 2010s, potent products such as fentanyl and its analogs were increasingly reported in counterfeit pills and street drugs.

In response to the changing epidemic, increased focus has been recommended not only on supply chains for prescribed and illicit opioids, but also on root societal causes of opioid dependence. Rising opioid fatality rates contribute to declining U.S. life expectancy, \[[@pone.0227966.ref003]\] along with a few other causes of death, commonly referred to as "deaths of despair." \[[@pone.0227966.ref004]\] This term provides a useful contextual framework for studying socioeconomic risk factors of opioid overdoses and interventions to prevent associated fatalities. Nationwide, the rising rate of fatal opioid overdoses has disproportionately \[[@pone.0227966.ref005]\] but not exclusively \[[@pone.0227966.ref006]\] affected Whites, men and middle-aged individuals. The highest opioid overdose death rates are reported in Mountain, Rust Belt, and New England states as well as the South. \[[@pone.0227966.ref007]\] In 2017, a shift was seen in the urbanicity of the epidemic, with higher opioid overdose death rates in urban than rural areas. \[[@pone.0227966.ref008]\] At-risk socioeconomic groups for fatal drug use include middle-aged men and women \[[@pone.0227966.ref009]\], people in lower income strata, insecure housing, those who did not graduate from high school, and recently released prisoners. \[[@pone.0227966.ref010]\] People who are divorced or separated are also at increased risk for fatal opioid overdose. \[[@pone.0227966.ref011]\] Although data on SES attributes including education, income, and employment are available at the county \[[@pone.0227966.ref012]\] and census tract-level \[[@pone.0227966.ref013]\], the gold standard for analysis is use of individual-level data to examine effects of personal attributes. There is a paucity of individual-level data on prospective relationships between individual-level SES measures and risk of fatal opioid overdose, including for critical factors such as health insurance coverage, employment and marital status, and incarceration. \[[@pone.0227966.ref014]\]

National surveillance systems for opioid mortality typically do not capture detailed individual-level SES data. \[[@pone.0227966.ref001], [@pone.0227966.ref005], [@pone.0227966.ref006], [@pone.0227966.ref007], [@pone.0227966.ref008]\] Well-designed studies that include these data are often set in smaller geographic areas such as states, \[[@pone.0227966.ref011]\] and are not generalizable to the U.S. population. In this study we analyzed individual-level residential, demographic, and SES data from the Mortality Disparities in American Community Study (MDAC). \[[@pone.0227966.ref015]\] The study included 3,934,000 people whose 2008 American Community Survey (ACS) \[[@pone.0227966.ref013]\] responses were linked to the National Death Index through 2015 \[[@pone.0227966.ref016]\] for longitudinal analysis. The MDAC database supported our aim to estimate hazard ratios for demographic, geospatial, and individual-level SES risk factors and fatal opioid overdose in the United States.

Methods {#sec006}
=======

The MDAC study \[[@pone.0227966.ref015]\] is a collaborative project of the U.S. Census Bureau; the Centers for Disease Control and Prevention (CDC), National Centers for Health Statistics; the Center for Medicare and Medicaid Services, and the National Institute on Aging and National Heart, Lung, and Blood Institute of the National Institutes of Health. The 2008 wave of the ACS \[[@pone.0227966.ref013]\] was linked to NDI \[[@pone.0227966.ref016]\] death certificate records from 2008 to 2015 to create the nationally representative MDAC database of children and adults. Linkage was based on either social security number or the dyad of first and last name, and date of birth. Up to 10 possible matches per ACS record were returned to the Census Bureau. Results were then run through a Census Bureau algorithm that used address, family member names, and other demographic and SES characteristics to assess whether a match was a true match.

The sample frame for the ACS is derived from the Master Address File. Sampling is designed to approximate age, sex, race, Hispanic ethnicity, and state of residence distributions observed in the Census Bureau's annual United States population estimates. Whites were oversampled by about 2% compared to the 2010 Census, and therefore observations for this group were assigned weights of slightly less than one. Other racial/ethnic groups were undersampled by one percent or less, given weights slightly above one. Overall weights were centered on one observation per respondent i.e., the weighted sample approximates the number of 2008 ACS responses rather than the U.S. population. Table cell counts were rounded to four significant digits to prevent disclosure of identity.

The MDAC reference manual \[[@pone.0227966.ref015]\] describes variables used in this analysis. Minimal data for analysis required cause of death, age, race, Hispanic ethnicity, sex, disability, marital status, employment status, educational attainment, citizenship, housing tenure, rurality, health insurance status, incarceration, household poverty, and Census Division. NDI data indicated if respondents died over 7-year follow-up, from date of ACS 2008 survey to December 31, 2015. International Classification of Diseases, 10th Revision (ICD--10) \[[@pone.0227966.ref017]\] mortality codes defined cause of death. Since non-specific fatal opioid overdoses account for the majority of fatal opioid overdoses on death certificates \[[@pone.0227966.ref007]\], opioid overdoses were defined in one category, using ICD--10 multiple-cause-of death codes T40.0-T40.4 and T40.6 (opium, heroin, other opioids, methadone, synthetic narcotics other than methadone, and unspecified narcotic; respectively). Poverty status was defined using Census Bureau methods, based on total family income in the past 12 months, family size, and age composition. If total income of the householder\'s family was less than the 2008 threshold for the family, the person was considered "below the poverty level," together with every member of his or her family. Matrix tables for poverty level calculations do not vary across the 50 states and the District of Columbia.

The initial MDAC dataset included over 4,512,000 participants who resided in over 73,000 census tracts across 3,000 county equivalents located in the 50 states and the District of Columbia. We excluded people younger than 10 because the small number of opioid fatalities in this age group would require their data to be suppressed to avoid disclosure of identity and 578,000 (12.8%) ACS records without data for NDI linkage (i.e., social security number or name and date of birth). Comparisons of age, sex, race, and ethnicity of respondents in MDAC and those without data needed for inclusion revealed no overt biases.

Cox Proportional Hazard Models \[[@pone.0227966.ref018]\] were developed (SAS v9.4, Cary, NC) to estimate hazard ratios (HR) and 95% confidence intervals for variables of interest using weighted, unrounded cell counts. Person-years-contributed were calculated and time-to-event was determined for opioid overdoses and other causes of death. Person-years were censored at time of death for causes other than opioid overdose and on December 31, 2015 for people who were alive (i.e. no NDI record). Multistage sampling of the ACS were conducted using the PHREG procedure (SAS v9.4, Cary, NC).

Referent groups were selected based on a priori data on groups with lowest risk of opioid overdose death, with accommodation to ensure there were sufficient events in the referent group to yield a stable HR. Thus Hispanics were selected as the referent race/ethnicity group rather than Asians and Pacific Islanders and continuous age and age squared variables (to adjust for nonparametric distribution) were used to analyze the effect of age. In addition to univariate models, partially adjusted models included age, sex, and race/ethnicity. The final model included demographic, geographic, and SES. This design enabled evaluation of changes in effects as demographic and SES covariates of interest \[[@pone.0227966.ref019]\] were added to models. To limit collinearity among variables, educational attainment and employment status were retained while occupation was eliminated. Similarly, citizenship status was retained while place of birth was eliminated. Final model development used a forward stepwise regression process (PROC PHREG, SAS v9.4) to select one variable at a time based on statistical significance of the Chi-squared test of regression model parameter estimates. All 15 variables were retained in the final model, listed in order of selection: disability, marital status, employment, age squared, continuous age, race/ethnicity, sex, educational attainment, \[[@pone.0227966.ref019]\] citizenship, housing status, rural versus nonrural residence, \[[@pone.0227966.ref020]\] health insurance, incarceration at time of survey, household poverty, and Census Division \[[@pone.0227966.ref021]\].

The Office of Management and Budget approved collection and analysis of de-identified ACS data. To meet Title 13 privacy protection requirements, a research proposal was submitted to the MDAC Steering Committee, with data access by a Census analyst assistance, a processes available to all investigators. Output was reviewed by the Census Bureau Disclosure Review Board to ensure confidentiality.

Results {#sec007}
=======

After exclusion of participants whose ACS responses could not be linked to the NDI, followed by weighting to age, sex, race, Hispanic ethnicity, and state of residence distributions of the U.S. population, and rounding weighted results to four significant digits for privacy protection data on 3,934,000 people were available for analysis. Among them 3800 were classified as having died from an opioid overdose. Another 264,000 died of other causes and 3,666,000 were alive at the end of 2015. A total of 13,620 person-years were contributed by people who died of opioid overdoses, with 1,165,000 person-years among people who died of other causes, and 27,290,000 person-years for people who were classified as alive on December 31, 2015.

**[Table 1](#pone.0227966.t001){ref-type="table"}** presents MDAC counts by vital status at end of follow-up. Differentials in cause of death were seen across age groups. People who were 10 to 19 years of age accounted for 8.8% of fatal opioid overdoses and 0.8% of other deaths. People who were 20 to 39 years of age accounted for 41.1% of opioid overdose deaths and 3.7% of other deaths. People in the 40 to 59 years age group accounted for 43.8% of opioid overdose deaths and 17.4% of other deaths. People who were 60 to 79 years of age accounted for 5.4% of opioid-related deaths but 41.0% of other deaths, while those and 80+ years of age accounted for 0.9% of opioid-related deaths but 37.1% of other deaths.

10.1371/journal.pone.0227966.t001

###### Opioid overdose deaths, deaths from other causes, and people alive at end of study follow-up period (2008--2015), MDAC Study.
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  Attribute                                                                                          Opioid Overdose   \%      Other Deaths   \%      Alive     \%
  ----------------------------------------------------- -------------------------------------------- ----------------- ------- -------------- ------- --------- -------
  Age Group (Years)                                                                                                                                             
                                                        10 to 19                                     335               8.8%    2238           0.8%    630500    17.2%
                                                        20 to 39                                     1557              41.1%   9687           3.7%    1218000   33.2%
                                                        40 to 59                                     1660              43.8%   45830          17.4%   1216000   33.2%
                                                        60 to 79                                     203               5.4%    108300         41.0%   532300    14.5%
                                                        80+                                          36                0.9%    97850          37.1%   69270     1.9%
  Race/Ethnicity[\*](#t001fn001){ref-type="table-fn"}                                                                                                           
                                                        Hispanic                                     277               7.3%    15690          5.9%    542700    14.8%
                                                        Asian and Pacific Islander                   29                0.8%    7736           2.9%    173700    4.7%
                                                        American Indian Alaskan Native               43                1.1%    1570           0.6%    23870     0.7%
                                                        Black                                        311               8.2%    27870          10.6%   441100    12.0%
                                                        White                                        3057              80.7%   209000         79.2%   2435000   66.4%
                                                        Other                                        73                1.9%    2054           0.8%    49720     1.4%
  Sex                                                                                                                                                           
                                                        Female                                       1499              39.5%   135000         51.1%   1871000   51.0%
                                                        Male                                         2292              60.5%   129000         48.9%   1795000   49.0%
  Disability                                                                                                                                                    
                                                        Not Disabled                                 2420              63.9%   116500         44.1%   3257000   88.8%
                                                        Disabled                                     1370              36.1%   147400         55.9%   409400    11.2%
  Marital Status                                                                                                                                                
                                                        Married                                      1045              27.6%   114300         43.3%   1696000   46.3%
                                                        Never Married                                1627              42.9%   28310          10.7%   1406000   38.3%
                                                        Widowed                                      146               3.9%    82040          31.1%   142300    3.9%
                                                        Separated                                    165               4.4%    4846           1.8%    72340     2.0%
                                                        Divorced                                     809               21.3%   34460          13.1%   350100    9.5%
  Employment                                                                                                                                                    
                                                        Employed                                     1520              40.1%   47870          18.1%   2155000   58.8%
                                                        Unemployed                                   367               9.7%    4205           1.6%    144100    3.9%
                                                        Not in labor force                           1787              47.1%   210900         79.9%   1000000   27.3%
                                                        Age less than 16 years                       117               3.1%    984            0.4%    366200    10.0%
  Educational Attainment                                                                                                                                        
                                                        Master/ Doctorate                            99                2.6%    15370          5.8%    292000    8.0%
                                                        Bachelor's Degree                            259               6.8%    24940          9.4%    537100    14.7%
                                                        Some College/Associate Degree                1192              31.4%   56370          21.4%   997900    27.2%
                                                        High School/GED                              1341              35.4%   93150          35.3%   899500    24.5%
                                                        Less than High School                        900               23.7%   74090          28.1%   939600    25.6%
  Citizenship                                                                                                                                                   
                                                        Not a U.S. citizen                           53                1.4%    7006           2.7%    306300    8.4%
                                                        U.S. Citizen                                 3738              99.6%   256900         97.3%   3360000   91.6%
  Housing tenure                                                                                                                                                
                                                        Own with mortgage                            1377              36.3%   72250          27.4%   1881000   51.3%
                                                        Group quarters                               267               7.0%    25650          9.7%    93960     2.6%
                                                        Live in house without rent                   79                2.1%    5464           2.1%    55270     1.5%
                                                        Own, no mortgage                             616               16.2%   104600         39.6%   614200    16.8%
                                                        Rent                                         1452              38.3%   55910          21.2%   1022000   27.9%
  Rural/Nonrural Residence                                                                                                                                      
                                                        Rural                                        784               20.7%   61660          23.4%   854000    23.3%
                                                        Nonrural                                     3007              79.3%   202300         76.6%   2812000   76.7%
  Health Insurance                                                                                                                                              
                                                        Insured                                      2686              70.9%   248200         94.1%   3040000   82.9%
                                                        Uninsured                                    1105              29.1%   15700          5.9%    626000    17.1%
  Incarceration[\*](#t001fn001){ref-type="table-fn"}                                                                                                            
                                                        Incarcerated                                 178               4.7%    1192           0.5%    30660     0.8%
                                                        Not incarcerated                             3613              95.3%   262760         99.5%   3635310   99.2%
  Household Poverty                                                                                                                                             
                                                        500%-999%                                    604               15.9%   47870          18.1%   1049000   28.6%
                                                        300%-499%                                    771               20.3%   54350          20.6%   919300    25.1%
                                                        100%-299%                                    1263              33.3%   105700         40.1%   1184000   32.3%
                                                        Less than 100%                               931               24.6%   34140          12.9%   428700    11.7%
                                                        Other[\*](#t001fn001){ref-type="table-fn"}   223               5.9%    21860          8.3%    84560     2.3%
  Census Division                                                                                                                                               
                                                        West North Central                           214               5.6%    18760          7.1%    242100    6.6%
                                                        New England                                  167               4.4%    12370          4.7%    176100    4.8%
                                                        East South Central                           246               6.5%    18600          7.0%    214100    5.8%
                                                        West South Central                           400               10.6%   29230          11.1%   414800    11.3%
                                                        Pacific                                      533               14.1%   35550          13.5%   598700    16.3%
                                                        Mid Atlantic                                 486               12.8%   36200          13.7%   496500    13.5%
                                                        East North Central                           660               17.4%   42790          16.2%   558300    15.2%
                                                        South Atlantic                               731               19.3%   53620          20.3%   705900    19.3%
                                                        Mountain                                     352               9.3%    16820          6.4%    259600    7.1%

\* Non-Hispanic Race and Hispanic Ethnicity. Incarceration at time of survey

Cell frequencies are weighted to the U.S. population, with rounding according to Census Bureau identity protection rules.

DRB release numbers: CBDRB-FY19-304.

Whites accounted for 80.7% of opioid overdose deaths and 66.4% of people who were alive at the end of follow-up. American Indians and Alaskan Natives and Asians and Pacific Islanders each accounted for approximately 1% of opioid overdose deaths, and Blacks and Hispanics accounted for 8.2% and 7.3% of these deaths, respectively. Women accounted for 39.5% while men accounted for 60.5% of fatal opioid overdoses. Disabled people accounted for 36.1% of opioid deaths and 11.2% of people who were alive at the end of the study period. The proportion of opioid overdose deaths that occurred among those who had never married was 42.9%, and people who were divorced accounted for 21.3% of fatal opioid overdoses. People who were not in the labor force accounted for 47.1% and the unemployed accounted for 9.7% of opioid overdose deaths.

People whose highest level of educational attainment was a High School diploma or GED only, with no college accounted for 35.4% of opioid overdose deaths, with 23.7% of opioid overdose deaths among people who did not complete high school. U.S. citizens accounted for 98.6% of opioid overdose deaths. Those who rented accounted for 38.3% of opioid overdose deaths. People residing in nonrural areas accounted for 79.3% of opioid overdose deaths while rural residents accounted for 20.7% of opioid overdose deaths. Those who were uninsured accounted for 29.1% of fatal opioid overdoses. People who were incarcerated at the time of their survey accounted for 4.7% of fatal opioid overdoses. People living below the poverty line accounted for 24.6% of opioid overdose deaths and 11.7% of those who were alive at the end of the study. The distributions of opioid overdose deaths across Census Division were generally similar to those for other deaths and people alive at the end of the study period.

Hazard ratios and 95% CIs for univariate, partially adjusted models, and a final proportional hazard model are presented in **[Table 2](#pone.0227966.t002){ref-type="table"}**. In the final model, results included the following: A statistically significant HR and 95% confidence interval (CI) was seen for age, as a continuous variable (HR = 1.18, CI: 1.16, 1.20), reflecting that 85% of deaths occurred among adults 20 to 59 years of age at time of ACS survey. The HR for age squared was 1.00. Compared to Hispanics, several non-Hispanic racial groups had significantly elevated hazard ratios for fatal opioid overdose including Whites (HR = 2.52, CI: 2.21, 2.88); Others (HR = 2.09, CI: 1.61, 2.72); and American Indians and Alaskan Natives (HR = 1.88, CI: 1.35, 2.62). In univariate and partially adjusted models Blacks had increased hazard rates (HR = 1.37, CI: 1.16, 1.60) and (HR = 1.44, CI: 1.22, 1.69), respectively, although those rates became lower than 1 after further adjusting for SES in the final model (HR = 0.81, CI: 0.68, 0.96). A strong protective effect was seen in all models for Asian and Pacific Islanders including the final model (HR = 0.55, CI: 0.37, 0.80). Compared to women, men were at greater risk of fatal opioid overdose (HR = 1.61, CI: 1.50 to 1.72).

10.1371/journal.pone.0227966.t002

###### Hazard ratios and confidence limits, opioid overdose deaths, 2008--2015, Mortality Disparities in American Communities (MDAC) Study.
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  Attribute                                            Category                         Univariate Models                               Partially Adjusted Models[^a^](#t002fn006){ref-type="table-fn"}   Final Model[^b^](#t002fn007){ref-type="table-fn"}                                                                  
  ---------------------------------------------------- -------------------------------- ----------------------------------------------- ----------------------------------------------------------------- --------------------------------------------------- -------------- ----------------------------------------------- --------------
  Age (Years)                                                                                                                                                                                                                                                                                                                
                                                       Continuous                       1.12[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.11, 1.14)                                                      1.13[\*\*\*](#t002fn003){ref-type="table-fn"}       (1.11, 1.14)   1.18[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.16, 1.20)
  Age Squared (Years)                                                                                                                                                                                                                                                                                                        
                                                       Continuous                       1.00[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.00, 1.00)                                                      1.00[\*\*\*](#t002fn003){ref-type="table-fn"}       (1.00, 1.00)   1.00[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.00, 1.00)
  Race/Ethnicity[†](#t002fn004){ref-type="table-fn"}                                                                                                                                                                                                                                                                         
                                                       Hispanic                         Ref                                                                                                               Ref                                                                Ref                                             
                                                       Black                            1.37[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.16, 1.60)                                                      1.44[\*\*\*](#t002fn003){ref-type="table-fn"}       (1.22, 1.69)   0.81[\*](#t002fn001){ref-type="table-fn"}       (0.68, 0.96)
                                                       Asian and Pacific Islander       0.33[\*\*\*](#t002fn003){ref-type="table-fn"}   (0.23, 0.48)                                                      0.34[\*\*\*](#t002fn003){ref-type="table-fn"}       (0.23, 0.49)   0.55[\*\*](#t002fn002){ref-type="table-fn"}     (0.37, 0.80)
                                                       American Indian/Alaskan Native   3.44[\*\*\*](#t002fn003){ref-type="table-fn"}   (2.50, 4.75)                                                      3.60[\*\*\*](#t002fn003){ref-type="table-fn"}       (2.61, 4.97)   1.88[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.35, 2.62)
                                                       White                            2.40[\*\*\*](#t002fn003){ref-type="table-fn"}   (2.12, 2.71)                                                      2.62[\*\*\*](#t002fn003){ref-type="table-fn"}       (2.31, 2.96)   2.52[\*\*\*](#t002fn003){ref-type="table-fn"}   (2.21, 2.88)
                                                       Other                            2.87[\*\*\*](#t002fn003){ref-type="table-fn"}   (2.22, 3.71)                                                      3.17[\*\*\*](#t002fn003){ref-type="table-fn"}       (2.45, 4.10)   2.09[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.61, 2.72)
  Sex                                                                                                                                                                                                                                                                                                                        
                                                       Female                           Ref                                                                                                               Ref                                                                Ref                                             
                                                       Male                             1.59[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.49, 1.69)                                                      1.55[\*\*\*](#t002fn003){ref-type="table-fn"}       (1.45, 1.65)   1.61[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.5, 1.72)
  Disability                                                                                                                                                                                                                                                                                                                 
                                                       Not Disabled                     Ref                                                                                                               Ref                                                                Ref                                             
                                                       Disabled                         3.99[\*\*\*](#t002fn003){ref-type="table-fn"}   (3.73, 4.26)                                                      5.48[\*\*\*](#t002fn003){ref-type="table-fn"}       (5.12, 5.87)   2.80[\*\*\*](#t002fn003){ref-type="table-fn"}   (2.59, 3.03)
  Marital Status                                                                                                                                                                                                                                                                                                             
                                                       Married                          Ref                                                                                                               Ref                                                                Ref                                             
                                                       Never Married                    1.92[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.78, 2.08)                                                      2.92[\*\*\*](#t002fn003){ref-type="table-fn"}       (2.66, 3.21)   1.71[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.55, 1.89)
                                                       Widowed                          1.37[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.15, 1.63)                                                      4.34[\*\*\*](#t002fn003){ref-type="table-fn"}       (3.59, 5.24)   2.44[\*\*\*](#t002fn003){ref-type="table-fn"}   (2.03, 2.95)
                                                       Separated                        3.70[\*\*\*](#t002fn003){ref-type="table-fn"}   (3.14, 4.37)                                                      4.09[\*\*\*](#t002fn003){ref-type="table-fn"}       (3.47, 4.83)   2.16[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.82, 2.56)
                                                       Divorced                         3.70[\*\*\*](#t002fn003){ref-type="table-fn"}   (3.37, 4.05)                                                      3.63[\*\*\*](#t002fn003){ref-type="table-fn"}       (3.31, 3.98)   2.19[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.99, 2.42)
  Employment                                                                                                                                                                                                                                                                                                                 
                                                       Employed                         Ref                                                                                                               Ref                                                                Ref                                             
                                                       Unemployed                       3.61[\*\*\*](#t002fn003){ref-type="table-fn"}   (3.22, 4.04)                                                      4.19[\*\*\*](#t002fn003){ref-type="table-fn"}       (3.73, 4.70)   2.46[\*\*\*](#t002fn003){ref-type="table-fn"}   (2.17, 2.79)
                                                       Not in labor force               2.34[\*\*\*](#t002fn003){ref-type="table-fn"}   (2.19, 2.51)                                                      4.66[\*\*\*](#t002fn003){ref-type="table-fn"}       (4.31, 5.04)   2.46[\*\*\*](#t002fn003){ref-type="table-fn"}   (2.25, 2.68)
                                                       Age less than 16 years           0.46[\*\*\*](#t002fn003){ref-type="table-fn"}   (0.38, 0.56)                                                      1.62[\*\*\*](#t002fn003){ref-type="table-fn"}       (1.28, 2.06)   1.06                                            (0.83, 1.34)
  Educational Attainment                                                                                                                                                                                                                                                                                                     
                                                       Master/ Doctorate                Ref                                                                                                               Ref                                                                Ref                                             
                                                       Bachelor's Degree                1.43[\*\*](#t002fn002){ref-type="table-fn"}     (1.13, 1.80)                                                      1.37[\*\*](#t002fn002){ref-type="table-fn"}         (1.09, 1.73)   1.17                                            (0.93, 1.47)
                                                       Some College/Associate Degree    3.51[\*\*\*](#t002fn003){ref-type="table-fn"}   (2.86, 4.30)                                                      3.71[\*\*\*](#t002fn003){ref-type="table-fn"}       (3.02, 4.56)   2.26[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.84, 2.79)
                                                       High School/GED only             4.29[\*\*\*](#t002fn003){ref-type="table-fn"}   (3.50, 5.26)                                                      4.84[\*\*\*](#t002fn003){ref-type="table-fn"}       (3.95, 5.94)   2.48[\*\*\*](#t002fn003){ref-type="table-fn"}   (2.00, 3.06)
                                                       Less than High School            2.79[\*\*\*](#t002fn003){ref-type="table-fn"}   (2.27, 3.43)                                                      5.78[\*\*\*](#t002fn003){ref-type="table-fn"}       (4.65, 7.19)   2.26[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.81, 2.82)
  Citizenship                                                                                                                                                                                                                                                                                                                
                                                       Noncitizen                       Ref                                                                                                               Ref                                                                Ref                                             
                                                       U.S. Citizen                     6.31[\*\*\*](#t002fn003){ref-type="table-fn"}   (4.81, 8.28)                                                      4.78[\*\*\*](#t002fn003){ref-type="table-fn"}       (3.61, 6.32)   4.62[\*\*\*](#t002fn003){ref-type="table-fn"}   (3.48, 6.14)
  Housing tenure                                                                                                                                                                                                                                                                                                             
                                                       Own with mortgage                Ref                                                                                                               Ref                                                                Ref                                             
                                                       Group quarters                   3.66[\*\*\*](#t002fn003){ref-type="table-fn"}   (3.21, 4.17)                                                      4.45[\*\*\*](#t002fn003){ref-type="table-fn"}       (3.87, 5.10)   0.88                                            (0.64, 1.20)
                                                       Live in house without rent       1.90[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.52, 2.39)                                                      2.34[\*\*\*](#t002fn003){ref-type="table-fn"}       (2.16, 2.53)   1.21                                            (0.96, 1.53)
                                                       Own, no mortgage                 1.29[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.17, 1.42)                                                      1.72[\*\*\*](#t002fn003){ref-type="table-fn"}       (1.56, 1.90)   1.20[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.09, 1.33)
                                                       Rent                             1.93[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.79, 2.08)                                                      2.14[\*\*\*](#t002fn003){ref-type="table-fn"}       (1.71, 2.69)   1.36[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.25, 1.48)
  Urban/Rural Residence                                                                                                                                                                                                                                                                                                      
                                                       Rural                            Ref                                                                                                               Ref                                                                Ref                                             
                                                       Urban                            1.17[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.08, 1.26)                                                      1.39[\*\*\*](#t002fn003){ref-type="table-fn"}       (1.28, 1.50)   1.46[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.34, 1.59)
  Health Insurance                                                                                                                                                                                                                                                                                                           
                                                       Insured                          Ref                                                                                                               Ref                                                                Ref                                             
                                                       Uninsured                        2.05[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.91, 2.20)                                                      2.09[\*\*\*](#t002fn003){ref-type="table-fn"}       (1.94, 2.25)   1.30[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.20, 1.41)
  Incarceration[‡](#t002fn005){ref-type="table-fn"}                                                                                                                                                                                                                                                                          
                                                       Not incarcerated                 Ref                                                                                                               Ref                                                                Ref                                             
                                                       Incarcerated                     5.95[\*\*\*](#t002fn003){ref-type="table-fn"}   (5.12, 6.92)                                                      4.95[\*\*\*](#t002fn003){ref-type="table-fn"}       (4.22, 5.80)   2.70[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.91, 3.81)
  Household Poverty                                                                                                                                                                                                                                                                                                          
                                                       500%-999%                        Ref                                                                                                               Ref                                                                Ref                                             
                                                       300%-499%                        1.45[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.30, 1.61)                                                      1.59[\*\*\*](#t002fn003){ref-type="table-fn"}       (1.43, 1.77)   1.13[\*](#t002fn001){ref-type="table-fn"}       (1.01, 1.26)
                                                       100%-299%                        1.82[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.65, 2.01)                                                      2.46[\*\*\*](#t002fn003){ref-type="table-fn"}       (2.22, 2.72)   1.12[\*](#t002fn001){ref-type="table-fn"}       (1.01, 1.25)
                                                       Less than 100%                   3.73[\*\*\*](#t002fn003){ref-type="table-fn"}   (3.37, 4.13)                                                      5.57[\*\*\*](#t002fn003){ref-type="table-fn"}       (5.00, 6.21)   1.36[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.20, 1.54)
                                                       Other                            4.37[\*\*\*](#t002fn003){ref-type="table-fn"}   (3.74, 5.09)                                                      6.15[\*\*\*](#t002fn003){ref-type="table-fn"}       (5.22, 7.24)   0.83                                            (0.54, 1.29)
  Census Division                                                                                                                                                                                                                                                                                                            
                                                       West North Central               Ref                                                                                                               Ref                                                                Ref                                             
                                                       New England                      1.08                                            (0.88, 1.32)                                                      1.12                                                (0.92, 1.37)   1.10                                            (0.90, 1.35)
                                                       East South Central               1.30[\*\*](#t002fn002){ref-type="table-fn"}     (1.08, 1.56)                                                      1.36[\*\*](#t002fn002){ref-type="table-fn"}         (1.13, 1.64)   1.13                                            (0.94, 1.36)
                                                       West South Central               1.10                                            (0.93, 1.29)                                                      1.33[\*\*\*](#t002fn003){ref-type="table-fn"}       (1.13, 1.58)   1.16                                            (0.98, 1.37)
                                                       Pacific                          1.02                                            (0.87, 1.19)                                                      1.34[\*\*\*](#t002fn003){ref-type="table-fn"}       (1.14, 1.57)   1.19[\*](#t002fn001){ref-type="table-fn"}       (1.01, 1.40)
                                                       Mid Atlantic                     1.11                                            (0.95, 1.30)                                                      1.29[\*\*](#t002fn002){ref-type="table-fn"}         (1.09, 1.51)   1.25[\*\*](#t002fn002){ref-type="table-fn"}     (1.06, 1.47)
                                                       East North Central               1.34[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.15, 1.56)                                                      1.40[\*\*\*](#t002fn003){ref-type="table-fn"}       (1.2, 1.64)    1.27[\*\*](#t002fn002){ref-type="table-fn"}     (1.09, 1.48)
                                                       South Atlantic                   1.17[\*](#t002fn001){ref-type="table-fn"}       (1.01, 1.37)                                                      1.35                                                (1.16, 1.58)   1.29[\*\*](#t002fn002){ref-type="table-fn"}     (1.11, 1.50)
                                                       Mountain                         1.54[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.30, 1.83)                                                      1.71[\*\*\*](#t002fn003){ref-type="table-fn"}       (1.44, 2.03)   1.58[\*\*\*](#t002fn003){ref-type="table-fn"}   (1.33, 1.88)

\* P \< 0.05

\*\* P \< 0.01

\*\*\* P\<0 .001

† Hispanic ethnicity, non-Hispanic Race.

‡ Incarceration at time of survey

^a^Partially adjusted models adjusted for age variables, non-Hispanic race/Hispanic ethnicity, and sex.

^b^Final model adjusted for age variables, non-Hispanic race/Hispanic ethnicity, sex, disability, marital status, employment, education, citizenship, housing tenure, rural/nonrural, health insurance, incarceration, household poverty, and census division.

Abbreviations: HR: Hazard Ratio, CI: Confidence Interval

Statistics are based on weighted data.

DRB release numbers: CBDRB-FY19-301, CBDRB-FY19-302, CBDRB-FY19-348, CBDRB-FY19-555

Compared to people without disabilities, those who were disabled had a statistically elevated risk of fatal opioid overdose (HR = 2.80, CI: 2.59, 3.03). Compared to married people, those who never married had an elevated HR for opioid-related mortality (1.71, CI: 1.55, 1.89) as did people who were widowed (HR = 2.44, CI: 2.03, 2.95); separated (HR = 2.16, CI: 1.82, 2.56); and divorced (HR = 2.19, CI: 1.99, 2.42). People who were unemployed had higher HRs than those who were employed (HR = 2.46, CI: 2.17, 2.79).

In the final model, compared to people with master or doctoral degrees, those with bachelor degrees only had no statistically significant difference in risk (HR = 1.17, CI: 0.93, 1.47) with statistically significant elevated HRs among those with attainment of a High School diploma or GED only (HR = 2.48, CI: 2.00, 3.06), who did not complete High School (HR = 2.26, CI: 1.81, 2.82), and some college or an Associate Degree (HR = 2.63, CI: 1.84, 2.79). Compared to non-citizens, U.S. citizens had elevated risk (HR = 4.62, CI: 3.48, 6.14). Compared to people who owned a home with a mortgage, HRs for people in other housing were higher including those who owned a home without a mortgage (HR = 1.20, CI: 1.09, 1.33) or rented (HR = 1.36, CI: 1.25, 1.48). Urban residents were more likely than rural residents to die from opioid overdoses (HR = 1.46, CI: 1.34, 1.59). Compared to people with health insurance, those who were uninsured had a significantly higher HR for fatal opioid overdose (HR = 1.30, CI: 1.20, 1.41). Compared to people who were not incarcerated at the time of their 2008 ACS survey, those who were incarcerated had a statistically elevated HR for opioid-related mortality (HR = 2.70, CI: 1.91, 3.81).

Compared to people who lived in households at 500% above the poverty line or more, those living in less affluent households had statistically significantly higher opioid mortality HRs, with the highest HR among people in households below the poverty line (HR = 1.36, CI: 1.20, 1.54). Compared to residents of the West North Central Census division, risk was higher for those in Mountain (HR = 1.58, CI: 1.33, 1.88); South Atlantic (HR = 1.29, CI: 1.11, 1.50); East North Central (HR = 1.27, CI: 1.09, 1.48); Mid Atlantic (HR = 1.25, CI: 1.06, 1.47) and Pacific (HR = 1.19, CI: 1.01, 1.40) Census divisions.

Discussion {#sec008}
==========

This nationally representative MDAC observational study provides new insights into relationships between SES and opioid-related mortality. A principal finding was that the risk of fatal opioid overdose was greater among people in low compared to high SES strata. Economic deprivation is a risk factor for opioid overdoses in the United States and contributes to patterns of declining life expectancy that differ from most developed countries. \[[@pone.0227966.ref022]\] As previously reported, affected demographic groups included adolescent, young and middle-aged adults, \[[@pone.0227966.ref023]\] Whites, American Indians and Alaskan Natives, people of unspecified race, and men. \[[@pone.0227966.ref024]\] These findings may be of use in developing targeted efforts to prevent fatal opioid overdoses. \[[@pone.0227966.ref025], [@pone.0227966.ref026], [@pone.0227966.ref027]\]

Compared to Hispanics, Whites had the highest HRs for opioid overdose death. This disparity, affecting the largest U.S. racial group, \[[@pone.0227966.ref005]\] has been attributed to socioeconomic despair \[[@pone.0227966.ref004]\] and limited opportunity in distressed U.S. communities \[[@pone.0227966.ref028]\] Other explanations U.S. policy priorities for health care, healthy behaviors, and the physical and social environment. Other countries with higher life expectancy are outperforming the United States with respect to education, child poverty, and other measures of well-being \[[@pone.0227966.ref009]\]. American Indians and Alaskan Natives were also at risk for opioid fatality. While Asian and Pacific Islander and Black race were both protective in the most adjusted final model, the latter result should be interpreted with cautiously. In contrast to the protective effect in the final model for Black race that adjusted for 10 SES risk factors, less adjusted models showed significantly elevated HRs of opioid overdose fatality among Blacks. If SES partially mediated the effect of race in the final model, then interventions that impact SES, such as improving education, may have among their many advantages, the ability of help decrease opioid overdoses and associated racial disparities. \[[@pone.0227966.ref025]--[@pone.0227966.ref028]\] Furthermore, although the opioid epidemic has been most acute in some areas with low percentage Black populations, \[[@pone.0227966.ref007]\] (e.g., Appalachia, New England, the Midwest, and Mountain states), the recent shift toward a more urban centered opioid overdose epidemic \[[@pone.0227966.ref008]\] and high opioid overdose fatality rates in other areas with sizeable Black populations (e.g., Southeastern U.S.) could place Blacks at risk moving forward.

People who were disabled had almost three times higher risk of death from opioid overdose than those without a disability, likely reflecting use of opioid analgesics to treat chronic pain. In 2016, CDC published guidelines to assist prescribers in weighing the benefits and risks of opioid therapy for chronic pain. \[[@pone.0227966.ref029]\] In 2019, the guidelines were evaluated by a consensus panel \[[@pone.0227966.ref030]\] and the CDC published a perspective \[[@pone.0227966.ref031]\] on measures to prevent misapplications of the guidelines that can cause harm. Examples include inflexible application of dosage and duration thresholds, abrupt tapering of opioid dosages, drug discontinuation, or dismissal of patients from care. Misapplication of the guidelines to other patient populations is another concern. This includes patients with pain at end-of-life, from cancer, acute surgical recovery, sickle cell crises. Application of chronic pain dosage guidelines when prescribing opioid agonists to treat opioid use disorder can also cause harm. A consensus report highlights national gaps in evidence-based care for opioid use disorder that can save lives. \[[@pone.0227966.ref032]\] A need exists for empathetic chronic pain management such that non-opioid treatment is provided to the need for opioids, while taking into consideration the risks associated with each type of treatment. When patients agree to taper the dose of opioids, it is helpful for the pace to be individualized and gradual, to minimize withdrawal symptoms. \[[@pone.0227966.ref032]\] Further research on alternative chronic pain management strategies could point to interventions that lower opioid overdose mortality among patients at risk for opioid use disorder because of their medical comorbidities. \[[@pone.0227966.ref033]\]

Compared to people who were married, those who were divorced, separated or widowed had higher risk of opioid overdose death, confirming previous associations with fatal opioid overdose. \[[@pone.0227966.ref010], [@pone.0227966.ref034]\] Although the reason for this finding is unclear, behavioral, physical, and economic benefits of having a spouse could confer health benefits. \[[@pone.0227966.ref035]\] Being in a marital relationship or other domestic partnership may limit time spent alone or social isolation that predisposes to fatal opioid overdose. \[[@pone.0227966.ref035]\] Research on beneficial effects of interpersonal connection with respect to opioid use disorder could uncover potential interventions to build community resilience to the opioid crisis.

As in previous U.S. studies, people who were unemployed were at greater risk of dying from an opioid overdose compared to the employed \[[@pone.0227966.ref024]\]. In the U.S., when economic shocks cause rising unemployment, increased risk of opioid-related mortality is seen \[[@pone.0227966.ref036]\]. In disadvantaged communities, manual labor occupations with higher injury risk are often the most available employment opportunities. Occupational injuries can lead to chronic painful conditions, disability, unemployment and resulting use of opioid analgesics. \[[@pone.0227966.ref037]\] In one study, family members retrospectively suggested that individual predilection toward unemployment may have contributed to their decedents fatal opioid overdose. \[[@pone.0227966.ref038]\]. The effectiveness of outreach efforts could be improved with better understanding of the interconnections between unemployment and risk of fatal opioid overdose \[[@pone.0227966.ref006]\].

People with less than a four-year college degree had elevated HRs for opioid overdose mortality compared to those with graduate degrees. This is consistent with a previous studies of nonmedical opioid use including nationwide surveys of adolescents and young adults, \[[@pone.0227966.ref039], [@pone.0227966.ref040]\] and studies in smaller areas \[[@pone.0227966.ref010]\]. This increase in risk of opioid misuse among people with low educational attainment may partially reflect downstream consequences such as less access to stable employment opportunities. \[[@pone.0227966.ref036]\]

Non-citizens were at lower risk of opioid overdose mortality than citizens. Explanations may include NDI artifacts related to nativity \[[@pone.0227966.ref041]\], less intensive marketing, or access to opioids among non-citizens. \[[@pone.0227966.ref002]\] Health affirming values placed on social mobility and family cohesion within traditional \[[@pone.0227966.ref042], [@pone.0227966.ref043]\] or immigrant communities \[[@pone.0227966.ref044]\] may also mitigate economic stressors that contribute to depression and substance abuse. \[[@pone.0227966.ref042], [@pone.0227966.ref043], [@pone.0227966.ref044]\] Cultivating networks of support and resilience within communities affected by the opioid epidemic could help to prevent fatal overdoses in the United States.

Compared to people who owned a house with a mortgage, those who rented were at increased risk of fatal opioid overdose. This finding is consistent with other evidence of health disparities by housing tenure \[[@pone.0227966.ref045]--[@pone.0227966.ref047]\]. Injected drug use is more frequently reported among people living in unstable housing situations. \[[@pone.0227966.ref048]\] A study of housing relocation in Atlanta suggest that drug use wains when people move from these settings to neighborhoods with more economic advantage. \[[@pone.0227966.ref049]\] Authors of the Atlanta study recommended research on barriers that prevent people who use substances from obtaining housing in less disadvantaged neighborhoods. Campaigns to enhance quality of life in less affluent housing neighborhoods may also have merit. An unexpected finding of the present study was that homeowners without mortgages had elevated risk of opioid overdose death compared to those with mortgages. One plausible explanation is that pressure to make scheduled mortgage payments provides routine structure in daily life that discourages opioid misuse.

Based on the Census Bureau definition of rural versus nonrural, in which less than one quarter of the population lived in rural areas, nonrural residents were at 45% greater risk of an opioid fatality than rural residents. This contrasts with other studies in which more rapid increases in prescription opioid mortality rates were reported in rural than nonrural areas early in the opioid epidemic. \[[@pone.0227966.ref050]\] Higher opioid overdose death rates were also reported in rural states, using a broad definition of rurality. \[[@pone.0227966.ref008]\] Our finding is however consistent with recent national data \[[@pone.0227966.ref051]\] showing higher opioid poisoning in urban areas, including from heroin and synthetic opioids, with higher rates of deaths in rural areas from semisynthetic opioids (e.g., oxycodone, hydrocodone, and codeine). A recent study in 17 states indicated that economic disadvantage was a risk factor for prescription opioid overdose death regardless of urbanicity, however economic disadvantage played a larger role in heroin overdose deaths in urban than rural neighborhoods \[[@pone.0227966.ref052]\]. A national survey found that urban adults were more likely to engage in prescription opioid misuse compared to rural adults. \[[@pone.0227966.ref053]\] Differences in opioid fatality risk across census divisions in this report were less pronounced than those reported at the state-level \[[@pone.0227966.ref054]\]. The dispersed geography of opioid overdose deaths in the United States poses an intervention challenge, with variation in rates and trends across jurisdictions influenced by population density, \[[@pone.0227966.ref052]\] opioids circulating within the community, \[[@pone.0227966.ref053]--[@pone.0227966.ref056]\] and area-level economic distress. \[[@pone.0227966.ref052]\]

Risk of death from opioid overdose was associated with not having health insurance. Opioid addiction often occurs amid economic and health problems that can lead to un-insurance \[[@pone.0227966.ref057]\] Affected U.S. population subgroups are heterogeneous. Tailored responses are therefore needed to deliver appropriate mental health, substance abuse, and social services. \[[@pone.0227966.ref058]\] Affected groups include childbearing women and prenatally exposed infants, \[[@pone.0227966.ref059]\] those at-risk for or with a history of incarceration \[[@pone.0227966.ref060]\], homeless people, \[[@pone.0227966.ref048]\] and people living with chronic pain \[[@pone.0227966.ref055], [@pone.0227966.ref056]\]. As responses to the opioid epidemic scale-up to address effects of lack of insurance, training of prescribers can help them to distinguish medical needs from situations in which opioids are likely to be diverted for non-medical use. \[[@pone.0227966.ref024]\] Provider education can also maximize harm reduction (e.g. naloxone co-prescribing in the context of pain treatment). \[[@pone.0227966.ref032]\]

Compared to non-incarcerated people, those who were incarcerated were at increased risk of opioid mortality. A need exists for medical and behavioral opioid use disorder therapy during and after incarceration. \[[@pone.0227966.ref060]\] Lack of access to opioids during incarceration can cause tolerance to diminish, leaving recently incarcerated people susceptible to overdose if they use doses similar to those prior to their incarceration. In Washington State during the 2000s, for example, fatal overdose was the leading cause of death in the 30 days after release. \[[@pone.0227966.ref061]\] Increased exposure to fentanyl contributes to an emerging pattern of post-incarceration opioid overdose fatality, with longer median time from release fatal overdose. \[[@pone.0227966.ref062]\] This is not due solely to reduced tolerance but also to increased drug lethality when a previously incarcerated person does encounter (mostly illicit) fentanyl. \[[@pone.0227966.ref062]\] Quality transition of care for people with opioid use disorders before and after prison release could prevent fatal overdoses in this population. \[[@pone.0227966.ref060]\]

Consistent with other studies of SES and opioid overdose mortality, \[[@pone.0227966.ref011], [@pone.0227966.ref063]\] compared to people from the most affluent households, those living under the poverty line had higher risk of fatal opioid overdose. Some experts \[[@pone.0227966.ref064]\] recommend interventions that include treatment of people with opioid use disorder in conjunction with long-term efforts to reduce the opioid supply. \[[@pone.0227966.ref065]\] Others recommend using a social determinants of health framework to address causes of drug demand, such as loss of opportunity. \[[@pone.0227966.ref002]\]

This study has strengths that include the nationally representative survey of both children and adults, weighting to adjust for underrepresented groups, the prospective study design, and detailed self-reported SES data. Limitations include potential misclassification of mortality on death certificates, \[[@pone.0227966.ref066]\] absence of data on psychiatric diagnoses and access to naloxone, and the ascertainment of time-varying measures (e.g., employment, health insurance) only at baseline, up to 7 years before death. Future studies can build on our findings with novel or more detailed SES predictors. In summary, this study provides insights into relationships between SES and U.S. opioid overdose mortality. While opioid fatalities occurred across SES strata, they were concentrated in lower SES groups. These SES attribute specific findings may facilitate the design of opioid overdose prevention, treatment, and rehabilitation programs. \[[@pone.0227966.ref026]\]

**Access to Data:** The authors of the present study had no special access privileges in accessing MDAC which other interested researchers would not have. In compliance with privacy protection requirements of U.S. Code Title 13, data access was obtained by submitting a research proposal form to the MDAC Steering Committee. \[[@pone.0227966.ref012]\] Data were accessed with Census Bureau analyst assistance rather than at a Research Data Center, the two processes available to all investigators to access the full MDAC dataset.

**Funding:** MDAC is funded by National Heart, Lung, and Blood Institute and National Institute on Aging agreements with the Census Bureau.

**Census Bureau Disclaimer:** This paper is released to inform interested parties of research and encourage discussion. Views expressed on statistical, methodological, technical, or operational issues are those of the authors and not necessarily the U.S. Census Bureau. Results were reviewed by the Census Bureau's Disclosure Review Board (DRB) to prevent disclosure of confidential information. DRB releases: CBDRB-FY19-301, CBDRB-FY19-302, CBDRB-FY19-304, CBDRB-FY19-348, CBDRB-FY19-555. **NIH Disclaimer:** The views expressed in this manuscript are those of the authors and do not necessarily represent the views of the National Heart, Lung, and Blood Institute; the National Institute of Mental Health; the National Institute on Drug Abuse; the National Institutes of Health; or the U.S. Department of Health and Human Services.

We thank Sean Coady, Matthew Neiman and Norman Johnson for their efforts to establish MDAC dataset.

10.1371/journal.pone.0227966.r001

Decision Letter 0

Genberg

Becky L.

Academic Editor

© 2020 Becky L. Genberg

2020

Becky L. Genberg

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

1 Aug 2019

PONE-D-19-16947

Socioeconomic risk factors for fatal opioid overdoses in the United States: Findings from the Mortality Disparities in American Communities Study (MDAC)

PLOS ONE

Dear Dr Altekruse,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

Please fully address the comments provided by the two reviewers. My main concerns are related to the methodological decisions that are not explained or clarified in the text. For example, what was the rationale/approach for variable selection in the adjusted analysis? There is no rationale provided for the base, base + one SES factor, or fully adjusted models. In addition there is no rationale for the parameterization of selected factors, nor the selection of reference categories, leading to some strange results with limited utility (i.e., 80+ for the reference group for age, etc.) Did you consider any effect modification analysis, for example to examine the relationship between covariates of interest (i.e., SES) and geographic region?  Given the national data, there could be further exploration of the data and the relationships examined in the paper. Finally, there is limited information provided in the text regarding the measurement or meaning of the covariates included in the models.  

We would appreciate receiving your revised manuscript by Sep 15 2019 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Becky L. Genberg

Academic Editor

PLOS ONE

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. We note that you have indicated that data from this study are available upon request. PLOS only allows data to be available upon request if there are legal or ethical restrictions on sharing data publicly. For information on unacceptable data access restrictions, please see <http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>.

In your revised cover letter, please address the following prompts:

a\) If there are ethical or legal restrictions on sharing a de-identified data set, please explain them in detail (e.g., data contain potentially identifying or sensitive patient information) and who has imposed them (e.g., an ethics committee). Please also provide contact information for a data access committee, ethics committee, or other institutional body to which data requests may be sent.

b\) If there are no restrictions, please upload the minimal anonymized data set necessary to replicate your study findings as either Supporting Information files or to a stable, public repository and provide us with the relevant URLs, DOIs, or accession numbers. Please see <http://www.bmj.com/content/340/bmj.c181.long> for guidelines on how to de-identify and prepare clinical data for publication. For a list of acceptable repositories, please see <http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories>.

We will update your Data Availability statement on your behalf to reflect the information you provide.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: This epidemiological study examines the relationship between multiple indicators of SES and fatal overdose in a nationally representative sample and fills an important gap in the overdose literature. The researchers present data drawn from the American Community Survey, which has been linked to fatal overdose data from the National Death Index. While this is an important topic with implications for targeted overdose prevention and response programs, grounding the research in the large body of existing literature on fatal overdose would strengthen the paper. There are also several methodological issues as well as questions around generalizability that need to be addressed. With minor revisions, this paper could be a timely contribution to the overdose literature.

Abstract

The results section of the abstract should be revised; there appears to be incomplete reporting e.g., urban group had higher risk than the rural group but was not reported, "HRs near two" etc and the wording is convoluted at times. The abstract refers to "final models" when the results only report one final model. I suggest rewriting the results section of the abstract to be more concise and more informative.

Introduction

Page 3: Nationwide, fatal opioid overdoses have disproportionately \[2\] but not exclusively \[3\] affected men, and particularly adolescent, young and middle-aged adult white men. -Clarify whether this is referring to fatal opioid overdose prevalence or rates over time and the historical period of relevance.

It would be worth mentioning the reason why overdose has been conceptualized as a death of despair to strengthen the rationale for focusing on SES, and to cite the original paper that developed the theory. The cited reference does not use the phrase and so the intended connection is unclear.

Given that this is a national study, more could be provided in the introduction about the relationship between overdose rates and geography to better contextualize the findings (e.g., urban vs. rural settings), including whether overdoses or low SES are known to be concentrated in certain locales.

Much has been written about the current opioid epidemic. A description of the established risk factors of fatal overdose or at minimum including citations of published reviews (e.g., Dasgupta et al., AJPH; Martins et al., AJPH) would nicely set up the subsequent sections and lay the foundation for the known confounders (measured and unmeasured) that should be considered.

Methods:

Page 4: (12.8%) ACS respondents who were missing information necessary to meet the NCHS minimum criteria required for matching -- did the authors conduct secondary analyses to understand the degree of bias due to this missingness e.g., if this group differed on socio-demographics?

Page 5: The Census Bureau definition of rural \[14\] excluded metropolitan and micropolitan areas, incorporated census-designated places with populations of 2500 or more. All residential locations were classified as rural or urban. -- This needs to be unpacked; it is an important factor with implications for targeting resources. It appears that rural vs. non-rural would be a more accurate description based on the current text. Could the authors instead use a more granular classification scheme?

Page 6: Analyses that accounted for multistage sampling in the ACS were conducted using the PHREG procedure -- clarify the number of levels included in the final model. Did this method account for correlations between individuals surveyed from the same area of residence (e.g., census division)?

Page 6: incarceration at time of survey -- clarify here and in the table whether this is referring to the setting in which the survey was conducted or if the individual had a history of incarceration.

Page 6: Were any confounders considered for inclusion in the regression analysis? Access to naloxone is an example. If not, this should be stated in the limitations.

Results:

Page 8: Many variables as modeled contain extremely small cell sizes (e.g., n=36 among ages 80+; n=29 among Asian Pacific Islanders; n=43 American Indian Alaskan Native etc), which calls into question the validity of these results. Where appropriate, I would suggest re-categorization/collapsing those categories into another category to generate larger cell sizes and/or replacing reference groups containing small cells with new reference groups with larger samples; this will affect the precision of the Cox regression models.

Table 2: Clarify whether the presented data are from the Final adjusted model or the Partially adjusted model

Discussion

Page 22: This nationally representative descriptive study -- given that the paper includes data analysis, it is observational rather than descriptive.

Page 22: Given that the term "opioid" is often used synonymously with prescription opioid, I suggest highlighting in the opening paragraph that the analysis also included deaths involving non-medical opioids including heroin and fentanyl.

Page 22: What do the authors mean by "rehabilitate those at-risk for opioid overdose?" Replacing this with less stigmatizing language is recommended.

Page 22: were any subpopulations undersampled? E.g., Asian Pacific Islanders; American Indian Alaskan Native Americans. How valid are the findings around race/ethnicity?

Page 23: How does the poverty measure used account for regional differences in cost of living?

Page 24: Compared to people who owned a house with a mortgage, renters or owners without a mortgage were at risk of fatal opioid overdose during the study period -- what was the hypothesis? Was this a surprising finding? I would suggest explaining this finding further.

Page 24: The availability and lethality of fentanyl -- I suggest clarifying that it is mostly illicitly manufactured fentanyl.

Page 24: Increased access to opioid agonist therapy for treating opioid use disorder may have merit, but currently adherence rates are low -- it is unclear what is meant by "low" and what the possible underlying reasons may be. This statement does not add to the discussion and could be removed.

Limitations: How stable are the SES indicators over time? It would be helpful if the authors could explain which SES variables are most susceptible to temporal change and which remain relatively stable over time.

Limitations: Homelessness is highly prevalent among people who misuse opioids, and many of those who overdose are unstably housed. Same with individuals who are incarcerated at the time of the study. How does the ACS account for homeless and incarcerated individuals? If this is a limitation of the study, please state.

Minor comments: typographic errors should be fixed throughout.

Reviewer \#2: 

Abstract:

In the abstract, mentioning the American Community Survey (versus MDAC), is a bit confusing, since MDAC is mentioned in the title. I would suggest being consistent from the title to the abstract for those readers who are doing a brief read of your paper. Also, you could clarify that the SES attributes are based on the time of American Community Survey participation.

Introduction

The introduction to this paper is very brief and the first paragraph is a bit disjointed, briefly covering opioid overdose mortality (the focus of this paper), other deaths of despair (which I'm not sure is needed), and SES disparities. In the second paragraph, the authors circle back to state that there is existing research on demographic and geographic trends in opioid overdoses.

The introduction may better justify the analysis if it is expanded. For example, the authors could structure the introduction to present the existing research on opioid overdose mortality and disparities, highlighting the lack of socioeconomic detail. In the second paragraph, they could introduce and expand the existing information on socioeconomic disparities in life expectancy that may be driven by opioid overdoses and other deaths of despair. They could also further explain some of the existing research on distressed communities to motivate looking more into SES indicators.

Methods

What are the NCHS minimum criteria for matching to the NDI you mention in line 84 (i.e. same as those in line 93-94)? Could you add these or provide a reference? Also, define NCHS at first mention in line 84 (later you spell it out without specifying that this is NCHS is lines 92-93) and it makes it seem like there are multiple criteria/procedures.

This sentence needs clarification, I am not sure what you mean by 'centered on one': "Frequencies were estimated using weighted data adjusted to be centered on one, with rounding to four significant digits to protect against disclosure of individual information."

Results

Table 1 has a footnote that says the cell frequencies are based on weighted data, but the frequencies add to the number that I understood to be the unweighted/sampled n \~3.9 million.

The clarity of Table 2 might be improved by presenting the first column as the 'Base Or Partially Adjusted Model' -- it is a bit confusing to only call that column the Base model and include HRs for SES covariates.

The results section describing the HRs is quite long and needs proofreading. I would suggest condensing this section and only including the key findings to make sure they are not overlooked. For example, you begin the results section describing Table 2/regression models by saying "HRs for many age groups were higher in final than base models (Table 2)." I'm not sure the point of highlighting this since the interest is in the SES variables. Please also be consistent with how the HRs are presented in the results section -- it is a bit distracting to see the results presented so many different ways (e.g. mix of HRs inside parentheses or just placed at end of the sentence).

Discussion

In general, I think the discussion needs more focus on the public health impact and potential actions/interventions from the results since you say in the abstract that these results are useful for overdose prevention targeting. I think there are also some opportunities to discuss harm reduction (e.g. naloxone co-prescribing in the context of pain treatment) that are not mentioned.

The paragraph on health insurance is somewhat unclear - I'm not sure how the final two sentences connect to the results and the potential public health implications of this result aren't clear. For example, should we increase insurance coverage and/or find ways to engage those without health insurance with harm reduction and addiction treatment services?

One potential explanation for the higher overdose mortality among separated, divorced, or widowed people are that they may be more likely to use alone, conferring a higher fatal overdose risk.

I'm a bit confused about how the first and second parts from this sentence are connected: "The availability and lethality of fentanyl has contributed to an emerging pattern of post-incarceration overdose deaths, with a median time from release to death of more than 90 days \[40\]."

\*\*\*\*\*\*\*\*\*\*
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S Altekruse, C Cosgrove, W Altekruse, R Jenkins, C Blanco. Socioeconomic risk factors for fatal opioid overdoses in the United States: Findings from the Mortality Disparities in American Communities Study

Editor\'s Query on Data Availability

Editor\'s Comment 1: Please clarify all data that constitutes minimal data.

Response: On line 101-104 of the manuscript, the authors indicate that the minimal data for the present MDAC analysis were comprised of the following variables: cause of death, age, race, Hispanic ethnicity, sex, disability, marital status, employment status, educational attainment, citizenship, housing tenure, rurality, health insurance status, incarceration, household poverty, and Census Division.

Editor\'s Comment 2: Please fully disclose the methods of data collection from MDAC that independent researchers can replicate.

Response: As indicated on line 150-152 of the manuscript, in accordance with U.S. Code Title 13 privacy protection requirements, MDAC data were obtained by submitting a request to the MDAC Steering Committee as outlined on the MDAC website: [www.census.gov](http://www.census.gov)/mdac. Need to know justifications for access to MDAC data include analysis for publication, validation of prior publication findings, and extension of previous research. There are two principal methods available to access the full MDAC dataset. As indicated on line 151-152, the authors of the present study accessed the MDAC dataset in coordination with a Census Bureau analyst. As described on line 359, the other principal MDAC data access option is to independently access the data at a Federal Statistical Research Data Center (FSRDC). FSRDC information is found at the website: [www.census.gov](http://www.census.gov)/fsrdc.

Editor\'s Comment 3: Please confirm the authors of the present study had no special access privileges in accessing MDAC which other interested researchers would not have.

Response: On line 355, the authors of the present study state that they had no special access privileges in accessing MDAC which other interested researchers would not have.

Academic Editor

Editor Comment 1: What was the rationale/approach for variable selection in the adjusted analysis?

Response: We thank the editor for this suggestion, which greatly improved the quality of the analysis. On page 7, line 131-134 the method for selecting referent groups is provided. On page 7, line 134-135, the rationale for presenting a partially adjusted model with key demographic variables and a single SES variable are described. On page 7, line 139-141, the approach to retention or elimination of variables when known collinearity exists is described. The forward stepwise model selection process used in the final model is described on page 7, lines 141-149.

"Referent groups were selected based on a priori information on groups with low risk of opioid overdose death, with consideration to ensure sufficient numbers of events occurred in the referent group to estimate stable hazard ratios\... To limit effects of collinear variables, educational attainment and employment status were retained while occupation was eliminated from analysis. Similarly, citizenship status was retained while place of birth was eliminated For the purpose of final model development, we started with no predictor variables and used a forward stepwise regression process (PROC PHREG, SAS v9.4) to select one variable at a time based on the statistical significance of the Chi-squared test of the regression model parameter estimates. All 15 candidate variables of interest were retained in the final model, listed here in the order of their stepwise forward selection into the model: disability status, marital status, employment status, age squared (to adjust for nonparametric distribution), continuous age, race/ethnicity, sex, educational attainment, \[17\] citizenship, employment status, housing status, rural versus nonrural residence, \[18\] health insurance status, incarceration status at time of survey, household poverty level, and location of residence across nine Census Bureau Divisions of the United States \[19\]."

Editor Comment 2: There is no rationale provided for base, base+one SES factor and final models.

Response: On page 7, line 135-139, rationale is provided for univariate models, partially adjusted models included key demographic attributes (age, sex, race/ethnicity) and a single SES or geographic variable.

"In addition to univariate models, partially adjusted models included key demographic attributes (age, sex, race/ethnicity) and a single SES or geographic variable, as well as a final model that included all demographic as well as SES attributes. This enabled evaluation of effects as multiple demographic and SES covariates of interest were added to proportional hazard models. \[16\]"

Editor Comment 3: There is no rationale for the parameterization of factors, nor selection of reference categories, leading to some strange results of limited utility (i.e., 80+ for the reference group for age).

Response: In response to this helpful comment, referent groups for age and race/ethnicity were changed in the revised manuscript. On page 7, line 133-136, we describe changing the age variable from an age group category variable to a continuous variable with an age squared term to address potential non-parametric distribution of age and eliminate the small count 80+ group as a referent group. Similarly, with respect to race/ethnicity, the referent group was changed from Asian and Pacific Islander to Hispanic, providing more stable counts for Cox Proportional Hazard Analyses. This suggested revision improve the performance of final models with respect to these variables.

"Referent groups were selected based on a priori information on groups with low risk of opioid overdose death, with consideration to ensure sufficient numbers of events occurred in the referent group to estimate stable hazard ratios. Thus Hispanics were the selected referent race/ethnicity group and continuous age and age squared variables (to adjust for nonparametric distribution) were used to analyze the effect of age."

Editor Comment 4: Did you consider any effect modification analysis, for example to examine the relationship between covariates of interest (i.e., SES) and geographic region?

Response: We did not consider interaction terms in this analysis. The goals of this analysis were broad in nature. On page 27, line 348-349, as a limitation we note that many other MDAC analyses of opioid-related mortality are of interest. "In addition, to focus our analyses, we limited our analyses to SES-related variables. Future studies should build on our findings to examine additional predictors of opioid overdose death."

Editor Comment 5: Given the national data, there could be further exploration of the data and the relationships examined in the paper.

Response: As indicated in response to the Editor's comment 4 above we agree with this suggestion and note that this was an overview paper. Our goal is to make the MDAC database known as a resource to explore opioid fatality topics in depth in future papers.

Editor Comment 6: Finally, there is limited information provided in the text regarding the measurement or meaning of the covariates included in the models.

Response: In response to this suggestion, on page 5, starting on line 101, the ICD-10 variable for opioid deaths is more fully described. On line 109, readers are referred to the MDAC reference manual for detailed information on each variable used in the analysis. The household poverty variable is now described in detail starting on line 110. Construction of age variables is described on line 133, rural versus non-rural residence is described with reference on line 147. It is clarified that incarceration status was measured at time of survey on line 148. A reference to Census Divisions is provided on line 149.

Reviewer 1

Reviewer 1 Comment 1: Grounding the research in the large body of existing literature on fatal overdose would strengthen the paper.

Response: The manuscript refence section was expanded by 10 references, primarily on this topic, including seminal AJPH review articles by Dasgupta et al on socioeconomic status and the opioid epidemic and Martins et al on socioeconomic status of unintentional drug overdose.

Abstract

Reviewer 1 Comment 2: The results section of the abstract should be revised; there appears to be incomplete reporting e.g., urban group had higher risk than the rural group but was not reported, "HRs near two" etc. and the wording is convoluted at times.

Response: We thank the reviewer for the suggestion, incorporated throughout the revised manuscript.

Reviewer 1 Comment 3: The abstract refers to "final models" when the results only report one final model.

Response: This typographical error was corrected.

Reviewer 1 Comment 4: I suggest rewriting the results section of the abstract to be more concise and more informative.

Response: This suggestion was adopted with careful attention to convey the most salient information.

Introduction

Reviewer 1 Comment 5: Page 3: Nationwide, fatal opioid overdoses have disproportionately \[2\] but not exclusively \[3\] affected men, and particularly adolescent, young and middle-aged adult white men. -Clarify whether this is referring to fatal opioid overdose prevalence or rates over time and the historical period of relevance.

Response: On line 63, it is now stated that, "Nationwide, the rising rate of fatal opioid overdoses has disproportionately affected..."

Reviewer 1 Comment 6: It would be worth mentioning the reason why overdose has been conceptualized as a death of despair to strengthen the rationale for focusing on SES, and to cite the original paper that developed the theory. The cited reference does not use the phrase and so the intended connection is unclear.

Response: On line 61, it is now stated, "This term provides a useful contextual framework for studying SES-related risk factors for fatal opioid overdose and interventions to treat and prevent them." As recommended by the reviewer, we now cite reference 4, Case and Deaton's original publication using the term "death of despair."

Reviewer 1 Comment 7: Given that this is a national study, more could be provided in the introduction about the relationship between overdose rates and geography to better contextualize the findings (e.g., urban vs. rural settings), including whether overdoses or low SES are known to be concentrated in certain locales.

Response: Continuing on lines 64-65, the introduction includes the following statement with references,

"Highest opioid death rates are reported in Mountain, Rust Belt, New England states and the South. \[7\] In 2017, a shift was seen in urbanicity of the opioid epidemic, with higher reported death rates in urban than rural areas. \[8\] At-risk socioeconomic groups for fatal drug use include people in lower income strata, who did not graduate from high school, the homeless, and recently released prisoners. \[9\]"

Reviewer 1 Comment 8: Much has been written about the current opioid epidemic. A description of the established risk factors of fatal overdose or at minimum including citations of published reviews (e.g., Dasgupta et al., AJPH; Martins et al., AJPH) would nicely set up the subsequent sections and lay the foundation for the known confounders (measured and unmeasured) that should be considered.

Response: As indicated in response to Reviewer 1, Comment 1 above, the manuscript refence section was expanded by 10 references, primarily on the topic of SES, including the recommended seminal AJPH review articles by Dasgupta et al on socioeconomic status and the opioid epidemic and Martins et al on socioeconomic status of unintentional drug overdose.

Methods:

Reviewer 1 Comment 9: Page 4: (12.8%) ACS respondents who were missing information necessary to meet the NCHS minimum criteria required for matching -- did the authors conduct secondary analyses to understand the degree of bias due to this missingness e.g., if this group differed on socio-demographics?

Response: On line 120-123, we state, "Census Bureau evaluation of the age, race/ethnicity, and gender of MDAC respondents who were included in MDAC and those without sufficient information to complete an ACS/NDI linkage revealed no biases with respect to these variables \[personal communication, Norman Johnson\]." "

Reviewer 1 Comment 10: Page 5: The Census Bureau definition of rural \[14\] excluded metropolitan and micropolitan areas, incorporated census-designated places with populations of 2500 or more. Residents were classified as rural or urban. It is an important factor with implications for targeting resources. Rural vs. nonrural is a more accurate label. Could the authors use more granular classification?

Response: We thank the reviewer for this comment. On line 147, the variable is renamed "rural vs. nonrural." A reference defining the variable is provided. On line 289 we indicate that people residing in nonrural areas accounted for 79% of opioid deaths while rural residents accounted for 21% of opioid deaths. This finding is discussed in the context of the literature in the paragraph beginning on line 289. While the MDAC database does not include a more granular variable for residential density, this variable does appears relevant in the context of the recent literature showing a shift of the plurality of opioid fatalities away from rural settings.

Reviewer 1 Comment 11: Page 6: Analyses that accounted for multistage sampling in the ACS were conducted using the PHREG procedure -- clarify the number of levels included in the final model. Did this method account for correlations between individuals surveyed from the same area of residence (e.g., census division)?

Response: The multistage variables used in sample weight assignment are described on line 90-93.

"The complex sampling frame for the ACS is derived from the Master Address File. Sampling is designed to approximate characteristics observed in the Census Bureau's annual United States population estimates for the following attributes: age, sex, race, Hispanic ethnicity, and state of residence. Analyses did not account for correlations between individuals within each level for these variables."

Reviewer 1 Comment 12: Page 6: incarceration at time of survey -- clarify here and in the table whether this is referring to the setting in which the survey was conducted or if the individual had a history of incarceration.

Response: On line 148 and in tables it is stated that incarceration status was measured at time of survey.

Reviewer 1 Comment 13: Page 6: Were any confounders considered for inclusion in the regression analysis? Access to naloxone is an example. If not, this should be stated in the limitations.

Response: On line 342, it is stated that data on access to naloxone was not available.

Results:

Reviewer 1 Comment 14: Page 8: Many variables as modeled contain extremely small cell sizes (e.g., n=36 among ages 80+; n=29 among Asian Pacific Islanders; n=43 American Indian Alaskan Native etc), which calls into question the validity of these results. Where appropriate, I would suggest re-categorization/collapsing those categories into another category to generate larger cell sizes and/or replacing reference groups containing small cells with new reference groups with larger samples; this will affect the precision of the Cox regression models.

Response: We appreciate this suggestion, and referent groups for age and race/ethnicity were changed in the revised manuscript. Additional information is provided in response to Editor Comment 1.

Reviewer 1 Comment 15: Table 2: Clarify whether the presented data are from the Final adjusted model or the Partially adjusted model

Response: Thank you for pointing this out. On line 191 it is now stated, "In the final model, results for fatal opioid overdose included the following:"

Discussion

Reviewer 1 Comment 16: Page 22: This nationally representative descriptive study -- given that the paper includes data analysis, it is observational rather than descriptive.

Response: In response to this helpful comment, line 235 was revised as follows: "The nationally representative MDAC observational study provides insights into longitudinal relationships between SES and opioid-related mortality."

Reviewer 1 Comment 17: Page 22: Given that the term "opioid" is often used synonymously with prescription opioid, I suggest highlighting in the opening paragraph that the analysis also included deaths involving non-medical opioids including heroin and fentanyl.

Response: Line 237 states opioids include medical opioids, heroin, fentanyl and its synthetic analogues.

Reviewer 1 Comment 18: Page 22: What do the authors mean by "rehabilitate those at-risk for opioid overdose?" Replacing this with less stigmatizing language is recommended.

Response: Line 243-244 has been revised to be less stigmatizing: "These findings may be of use in developing more targeted efforts to prevent fatal opioid overdoses."

Reviewer 1 Comment 19: Page 22: were any subpopulations undersampled? E.g., Asian Pacific Islanders; American Indian Alaskan Native Americans. How valid are the findings around race/ethnicity?

Response: Line 95-97 was revised as follows: " Whites were oversampled by about 2% compared to the 2010 Census, and therefore this group was assigned a weight of slightly less than one. Other racial/ethnic groups were undersampled by one percent or less and thus given weights above one."

Reviewer 1 Comment 20: Page 23: How does the poverty measure used account for regional cost of living differences?

Response: This is addressed beginning on line 110: "Derivation of the poverty status variable is described in detail because more than one method is in common use. The variable we used is the standard Census Bureau procedure, involving total family income in the past 12 months, family size and age composition. If the total income of the householder\'s family was less than the 2008 threshold appropriate for that family, then the person was considered "below the poverty level," together with every member of his or her family. Matrix tables for poverty level calculations do not vary across the 50 states and D.C."

Reviewer 1 Comment 21: Page 24: Compared to people who owned a house with a mortgage, renters or owners without a mortgage were at risk of fatal opioid overdose during the study period -- what was the hypothesis? Was this a surprising finding? I would suggest explaining this finding further.

Response: Line 285-288 addresses this helpful reviewer's comment: "An unexpected finding in the present study was that homeowners with mortgages were at elevated risk of opioid death compared to those with a mortgage. A plausible explanation is that the pressure to make scheduled mortgage payments could impose a routine structure into daily life that discourages opioid misuse."

Reviewer 1 Comment 22: Page 24: The availability and lethality of fentanyl -- I suggest clarifying that it is mostly illicitly manufactured fentanyl.

Response: This suggestion is appreciated. Beginning on line 324 the following revision was made: "These later onset post-incarceration deaths were not thought to be from primarily overdoses due to reduced tolerance but the lethality of mostly illicit fentanyl when encountered."

Reviewer 1 Comment 23: Page 24: Increased access to opioid agonist therapy for treating opioid use disorder may have merit, but currently adherence rates are low -- it is unclear what is meant by "low" and what the possible underlying reasons may be. This statement does not add to the discussion and could be removed.

Response: The statement beginning line 326 is replaced with, "Ongoing efforts to improve transition of care for people with psychiatric disorders in the months around leaving prison could help to decrease the number of overdoses."

Reviewer 1 Comment 24: Limitations: How stable are the SES indicators over time? It would be helpful if the authors could explain which SES variables are most susceptible to temporal change and which remain relatively stable over time.

Response: It would be difficult to rank the SES variables used in this analysis based on the probability of change overtime. On line 343, we attempt to address this limitation as follows: "Furthermore, time-varying measures that can change over time (e.g., employment, health insurance) were assessed once, up to 7 years before death."

Reviewer 1 Comment 25: Limitations: Homelessness is highly prevalent among people who misuse opioids, and many of those who overdose are unstably housed.

Response: The ACS does not ask about the stability of housing. Beginning on line 284, we discuss how the ACS data on housing tenure is consistent with other data on drug use by housing stability. We also cite lack of detail on housing stability as a limitation on line 344: "...we limited our analyses to SES-related variables, some of which lacked optimal detail (e.g., homelessness with housing tenure and incarceration status at time of death)."

Reviewer 1 Comment 26: Same with individuals who are incarcerated at the time of the study. How does the ACS account for homeless and incarcerated individuals? If this is a limitation of the study, please state.

Response: In the methods, results and discussion we state that incarceration was determined at the time of the 2008 ACS survey. As indicated in response to Reviewer 1, Comment 25, limited detail on incarceration status is listed as a limitation.

Reviewer 1 Comment 27: Minor comments: typographic errors should be fixed throughout.

Response: We have proof read the manuscript in an effort to eliminate typographical errors.

Reviewer \#2:

Abstract:

Reviewer 2 Comment 1: In the abstract, mentioning the American Community Survey (versus MDAC), is a bit confusing, since MDAC is mentioned in the title. I would suggest being consistent from the title to the abstract for those readers who are doing a brief read of your paper. Also, you could clarify that the SES attributes are based on the time of American Community Survey participation.

Response: Line 26-27 were revised as follows: "The Mortality Disparities in American Community Study (MDAC) links population-weighted 2008 American Community Survey responses (n=3,934,000) to the National Death Index through 2015."

Introduction

Reviewer 2 Comment 2: The introduction to this paper is very brief and the first paragraph is a bit disjointed, briefly covering opioid overdose mortality (the focus of this paper), other deaths of despair (which I'm not sure is needed), and SES disparities. In the second paragraph, the authors circle back to state that there is existing research on demographic and geographic trends in opioid overdoses. The introduction may better justify the analysis if it is expanded. For example, the authors could structure the introduction to present the existing research on opioid overdose mortality and disparities, highlighting the lack of socioeconomic detail. In the second paragraph, they could introduce and expand the existing information on socioeconomic disparities in life expectancy that may be driven by opioid overdoses and other deaths of despair. They could also further explain some of the existing research on distressed communities to motivate looking more into SES indicators.

Response: We appreciate this constructive comment. It was informative in our effort to revise the introduction. The number of citations in the paper was expanded to reference review articles on relationships between SES and drug overdose by Martins et al and Dasgupta et al. The work of Case and Deaton on deaths of despair was also cited, because it provides a framework for examining the relationship between SES indicators and fatal opioid overdoses.

Methods

Reviewer 2 Comment 3: What are the NCHS minimum criteria for matching to the NDI you mention in line 84 (i.e. same as those in line 93-94)? Could you add these or provide a reference? Also, define NCHS at first mention in line 84 (later you spell it out without specifying that this is NCHS is lines 92-93) and it makes it seem like there are multiple criteria/procedures.

Response: This sentence was revised and is now found on line 119: "The 578,000 (12.8%) ACS records without data for NDI linkage were dropped from the study (i.e., social security number or name and date of birth)."

Reviewer 2 Comment 4: Please clarify what you mean by 'centered on one': "Frequencies were estimated using weighted data adjusted to be centered on one, with rounding to four significant digits to protect against disclosure of individual information."

Response: Lines 98-100 are revised to indicate weights are centered on one observation per response:

"Overall weights were centered on one observation per respondent, so that the weighted sample approximates the number of 2008 ACS responses rather than the U.S. population.'

Results

Reviewer 2 Comment 5: Table 1 has a footnote that says the cell frequencies are based on weighted data, but the frequencies add to the number that I understood to be the unweighted/sampled n \~3.9 million.

Response: Please see the response to Reviewer 2, Comment 4.

Reviewer 2 Comment 6: The clarity of Table 2 might be improved by presenting the first column as the 'Base Or Partially Adjusted Model' -- it is a bit confusing to only call that column the Base model and include HRs for SES covariates.

Response: We appreciate this suggestion. Table two now labels the three sets of models as the univariate models, partially adjusted models, and final model. The footnote for the partially adjusted model defines the variables in the models (i.e., age variables, non-Hispanic race/Hispanic ethnicity, and sex alone or with one SES or geographic variable).

Reviewer 2 Comment 7: The results section describing the HRs is quite long and needs proofreading. I would suggest condensing this section and only including the key findings to make sure they are not overlooked. For example, you begin the results section describing Table 2/regression models by saying "HRs for many age groups were higher in final than base models (Table 2)." I'm not sure the point of highlighting this since the interest is in the SES variables.

Response: The authors appreciate this comment and have incorporated it into the revised results section, by not highlighting the effects for the age (demographic) variable in various models.

Reviewer 2 Comment 8: Please also be consistent with how the HRs are presented in the results section -- it is a bit distracting to see the results presented so many different ways (e.g. mix of HRs inside parentheses or just placed at end of the sentence).

Response: One convention is now used throughout the results section, "(HR=N.NN, CI: N.NN, N.NN)

Discussion

Reviewer 2 Comment 9: In general, I think the discussion needs more focus on the public health impact and potential actions/interventions from the results since you say in the abstract that these results are useful for overdose prevention targeting.

Response: We appreciate this recommendation and have responded by attempting to expand on potential actions/interventions relevant to SES variables in the discussion.

Reviewer 2 Comment 10: I think there are also some opportunities to discuss harm reduction (e.g. naloxone co-prescribing in the context of pain treatment) that are not mentioned.

Response: Line 313 to 314 states "This effort may require clinician education to distinguish between opioid use disorder and physical dependence to opioids, \[32\] while maximizing harm reduction efforts (e.g. naloxone co-prescribing in the context of pain treatment)."

Reviewer 2 Comment 11: The paragraph on health insurance is somewhat unclear - I'm not sure how the final two sentences connect to the results and the potential public health implications of this result aren't clear. For example, should we increase insurance coverage and/or find ways to engage those without health insurance with harm reduction and addiction treatment services?

Response: Beginning on line 308, the paragraph has been revised to make clearer connections between expanded access to care and the role of providers.

"In responses to the national opioid epidemic, individuals affected by addiction who are uninsured may be more able to access critical healthcare resources now than in the past, including mental health and substance abuse services. \[30\] As healthcare services become more accessible to people at-risk of opioid-related fatality, heightened attention has also been given to responsibilities of prescribers to distinguish between legitimate prescriptions for pain management and the prescription of opioids that could be diverted for non-medical purposes. \[31\]"

Reviewer 2 Comment 12: One explanation for the higher overdose mortality among separated, divorced, or widowed people are that they may be more likely to use alone, conferring a higher fatal overdose risk.

Response: On line 255 this sentence was added, "Being a member of a marital relationship or other domestic partnership may limit time spent alone, and resulting social isolation that may predispose to fatal opioid overdose. \[29\]"

Reviewer 2 Comment 13: How are the first and second parts from this sentence are connected: "The availability and lethality of fentanyl has contributed to an emerging pattern of post-incarceration overdose deaths, with a median time from release to death of more than 90 days \[40\]."

Response: On line 324, this sentence was revised to, "These later onset post-incarceration deaths were not thought to be primarily due to reduced tolerance but a consequence of the lethality of (mostly illicit) fentanyl when eventually encountered. \[52\]"
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PLOS ONE

Dear Dr Altekruse,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

As you revise your manuscript according to the minor revisions suggested by the two reviewers, I also encourage you to give some additional thought to the relationship between race, SES and fatal overdose, and as reviewer \#2 has suggested, consider presenting the partially adjusted results in light of the complex relationships between SES and race. 

We would appreciate receiving your revised manuscript by Jan 05 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Becky L. Genberg

Academic Editor
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Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Major comments

The manuscript has been greatly improved from the previous version. I have a couple of remaining comments.

Abstract: Refrain from using stigmatizing language. Replace "disabled people" with "people with disabilities"

Introduction: The authors have done a nice job of summarizing the literature on the opioid overdose epidemic. An explanation of the gaps and limitations in the literature would round out this section so that the reader can understand the novelty of the current study.

Results: Given the large sample size, I suggest reporting one decimal place for all percentages, both in the text and the tables.

In table 2, level of statistical significance would likely be of interest to readers. I would indicate using footnotes (e.g., \* p \<0.05, \*\* p\<0.001 etc)

Discussion: Another limitation is that medication and behavior therapy coverage was not measured. The authors may want to mention this fantastic consensus report that highlights national gaps in coverage <https://www.nap.edu/catalog/25310/medications-for-opioid-use-disorder-save-lives>

Minor comments

Abstract:

Replace "individual" with "individual-level" in the second sentence of the abstract.

In the results, "those with the highest level of educational attainment of high school" does this include college? This finding, as written, does not standalone.

Reviewer \#2: Thank you for the opportunity to review this revised manuscript. I have a few additional suggestions to improve the clarity and public health importance of the manuscript.

1\. Throughout: use person-first language where you are able. For example, line 68: "the homeless, and recently released prisoners" could be changed to persons who have experienced homelessness, housing instability, or incarceration. Also line 285 "substance users" should be changed to persons who use substances

2\. Line 24: "Opioid fatalities are a U.S. problem." -- I think the prior version's topic sentence was stronger and you might remove this sentence in favor of expanding the second sentence's justification for the analysis.

3\. Line 29: Likewise "HRs for fatal opioid overdose by SES in final model:" in the results section is not needed. Clearer to go straight to the results you interpret.

4\. Line 41: "West North Central state", do you mean "West, North, or Central"? Potentially missing a word or were these areas combined?

5\. Lines 45-46: Could strengthen the conclusions by suggesting how these findings from MDAC inform prevention, treatment, and rehabilitation (e.g. what communities or regions need more services?)

6\. Introduction lines 69-71: "Some risk factors such as unemployment and health insurance status are optimally studied using individual-level longitudinal data, with adjustment for other covariates. \[11\]" I do not get a lot of information from this sentence about what is known about the relationship of employment and health insurance coverage with opioid overdose. Could you instead highlight the main finding(s) of citation 11?

7\. Introduction, lines 77-78: "after multivariable adjustment" -- It may be clearer to say you hypothesized these would remain independently associated with fatal opioid overdose even after adjustment for other socioeconomic and demographic indicators (or something similar). 'Multivariable adjustment' on its own leaves the reader unclear on what you are doing.

8\. Methods, lines 93-95: "Representativeness of the sample relative to the United States population was enhanced by applying weights to account for variable sampling." -- I don't think you need this sentence and it makes the description of sampling weights less clear. The phrase 'variable sampling' is vague -- unclear if variable is used as an adjective (as in varying) or noun (as in age, sex, etc. variables used for sampling).

9\. Results, line 156: "weighting to the U.S. population" could be clearer if you say "weighting to the age, sex, etc...distribution of the U.S. population." Otherwise wording could imply that the sample size is weighted to the size of the US population and someone reading quickly or without much background in survey data analysis might misunderstand that only 3800 opioid overdoses occurred in the US if not clarified that the exact numbers do not represent the US population size.

10\. The result in the final model that black participants were at lower risk of fatal overdose should be considered more thoroughly. The unadjusted and partially adjusted models suggest black race is a risk factor for fatal overdose and this association only becomes protective after adjusting for many SES related factors that disproportionately affect African American communities. A model considering race as a main exposure should not be adjusted for SES factors because race would predict some of those SES indicators but the SES factors would be mediators of relationships between race and opioid fatality (i.e., direction of causality is not SES factors predicting race which would be required for SES factors to confound relationship of race and overdose fatality). Thus the partial model may be more relevant here. I would suggest stating both the partial and full model results for race in your results and interpreting some of this in the discussion because it suggests that some attention to structural factors disproportionately affecting African Americans could decrease opioid overdose mortality among African Americans. Presenting only the full model results of a protective relationship suggests that African American communities are less affected by the opioid epidemic, which may not necessarily be the full story here.

11\. Line 248: Might consider making the statement "patients using opioid therapy for chronic pain should be carefully selected" a bit more specific and actionable by citing CDC opioid prescribing guidelines (Dowell et al CDC Guideline for Prescribing Opioids for Chronic Pain\--United States, 2016). Could say something like: "physicians should weigh the benefits and risks of opioid therapy using national guidelines for opioid prescribing." More recently these guidelines have been evaluated and you could also evaluate that literature in rewriting this sentence.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Ju Nyeong Park

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 1

6 Dec 2019

Scientific Editor:

Comment 1. As you revise your manuscript according to the minor revisions suggested by the two reviewers, I also encourage you to give some additional thought to the relationship between race, SES and fatal overdose.

Response: This essential comment was address in the (new) second paragraph of the discussion on lines 252-254. Please see detailed response to Reviewer 2, Comment 10.

Comment 2. As reviewer \#2 has suggested, consider presenting the partially adjusted results in light of the complex relationships between SES and race.

Response: This excellent suggestion was adopted in the results on lines 194-196. Please see response to Reviewer 2, Comment 10 below.

Reviewer \#1:

Comment 1. Abstract: Refrain from using stigmatizing language. Replace "disabled people" with "people with disabilities"

Response: Throughout the manuscript we have attempted to adopt this suggestion.

Comment 2. Introduction: The authors have done a nice job of summarizing the literature on the opioid overdose epidemic. An explanation of the gaps and limitations in the literature would round out this section so that the reader can understand the novelty of the current study.

Response: In the introduction, from line 71 to 78, we have included this explanation:

"Although data on SES attributes including education, income, and employment are available at the county \[11\] and census tract-level \[12\], the gold standard for analysis is use of individual-level data to examine effects of personal attributes. There is a paucity of individual-level data on prospective relationships between individual-level SES measures and risk of fatal opioid overdose, including for critical factors such as health insurance coverage, employment and marital status, and incarceration. \[13\]

National surveillance systems for opioid mortality typically do not capture detailed individual-level SES data. \[1, 5, 6, 7, 8\] Well-designed studies that include these data are often set in smaller geographic areas such as states, \[10\] and are not generalizable to the U.S. population."

Comment 3. Results: Given the large sample size, I suggest reporting one decimal place for all percentages, both in the text and the tables.

Response: This recommendation was followed in both Table 1 and the results text.

Comment 4. In table 2, level of statistical significance would likely be of interest to readers. I would indicate using footnotes (e.g., \* p \<0.05, \*\* p\<0.001 etc.)

Response: This recommendation was accepted in revision of Table 2.

Comment 5. Discussion: Another limitation is that medication and behavior therapy coverage was not measured. The authors may want to mention this fantastic consensus report that highlights national gaps in coverage <https://www.nap.edu/catalog/25310/medications-for-opioid-use-disorder-save-lives>

Response: The recommendation is used in new paragraph of the discussion, with the inclusion of reference 32, lines 259-275:

"People who were disabled had almost three times higher risk of death from opioid overdose than those without a disability, likely reflecting use of opioid analgesics to treat chronic pain. In 2016, CDC published guidelines to assist prescribers in weighing the benefits and risks of opioid therapy for chronic pain. \[29\] In 2019, the guidelines were evaluated by a consensus panel \[30\] and the CDC published a perspective \[31\] on measures to prevent misapplications of the guidelines that can cause harm. Another consensus report highlighted national gaps in evidence-based coverage that can save lives. \[32\] Examples include inflexible application of dosage and duration thresholds, abrupt tapering of opioid dosages, drug discontinuation, or dismissal of patients from care. Misapplication of the guidelines to other patient populations is another concern. This includes patients with pain at end-of-life, from cancer, acute surgical recovery, or sickle cell crises. Application of chronic pain dosage guidelines when prescribing opioid agonists to treat opioid use disorder can also cause harm. A need exists for empathetic chronic pain management such that non-opioid treatment is provided to the need for opioids, while taking into consideration the risks associated with each type of treatment. When patients agree to taper the dose of opioids, it is helpful for the pace to be individualized and gradual, to minimize withdrawal symptoms. \[32\] Further research on alternative chronic pain management strategies could point to interventions that lower opioid overdose mortality among patients at risk for opioid use disorder because of their medical comorbidities. \[33\]"

Comment 6. Minor comments, Abstract:

Replace "individual" with "individual-level" in the second sentence of the abstract.

Response: Lines 1-2 of the abstract were revised to incorporate this suggestion:

"Understanding relationships between individual-level demographic, socioeconomic status (SES) and U.S. opioid fatalities can inform national interventions in response to this crisis."

Comment 7. In the results, "those with the highest level of educational attainment of high school" does this include college? This finding, as written, does not standalone.

Response: Table 1 and 2 now include the category "High School/GED only." On line 177-179, this sentence was revised:

"People whose highest level of educational attainment was a High School diploma or GED only, with no college accounted for..."

On line 216 similar terminology is used:

"HRs among those with attainment of a High School diploma or GED only..."

Reviewer \#2:

Comment 1. Throughout: use person-first language where you are able. For example, line 68: "the homeless, and recently released prisoners" could be changed to persons who have experienced homelessness, housing instability, or incarceration. Also line 285 "substance users" should be changed to persons who use substances

Response: The manuscript was revised to use person-first language throughout. On line 308 "substance users" was revised to "people who use substances."

Comment 2. Line 24: "Opioid fatalities are a U.S. problem." -- I think the prior version's topic sentence was stronger and you might remove this sentence in favor of expanding the second sentence's justification for the analysis.

Response: The sentence beginning on line 24 was revised as suggested:

"Understanding relationships between individual-level demographic, socioeconomic status (SES) and U.S. opioid fatalities can inform national interventions in response to this crisis."

Comment 3. Line 29: Likewise "HRs for fatal opioid overdose by SES in final model:" in the results section is not needed. Clearer to go straight to the results you interpret.

Response: The abstract was revised as recommended on line 30-31:

"In multivariable analyses, compared to..."

Comment 4. Line 41: "West North Central state", do you mean "West, North, or Central"? Potentially missing a word or were these areas combined?

Response: The "West North Central" States are one Census district that includes Missouri, Kansas, Iowa, Nebraska, the Dakota, Minnesota, and Wisconsin. Due to abstract word limits, this terminology was retained.

Comment 5. Lines 45-46: Could strengthen the conclusions by suggesting how these findings from MDAC inform prevention, treatment, and rehabilitation (e.g. what communities or regions need more services?)

Response: Within constraints of abstract word limits the following revision was made on lines 45-46:

" The findings may help to target prevention, treatment and rehabilitation efforts to vulnerable groups."

Comment 6. Introduction lines 69-71: "Some risk factors such as unemployment and health insurance status are optimally studied using individual-level longitudinal data, with adjustment for other covariates. \[11\]" I do not get a lot of information from this sentence about what is known about the relationship of employment and health insurance coverage with opioid overdose. Could you instead highlight the main finding(s) of citation 11?

Response: Lines 71-75 were revised to indicate that individual-level data is the gold standard for analyses of SES:

"Although data on SES attributes including education, income, and employment are available at the county \[12\] and census tract-level \[13\], the gold standard for analysis is use of individual-level data to examine effects of personal attributes. There is a paucity of individual-level data on prospective relationships between individual-level SES measures and risk of fatal opioid overdose, including for critical factors such as health insurance coverage, employment and marital status, and incarceration. \[14\]

Comment 7. Introduction, lines 77-78: "after multivariable adjustment" -- It may be clearer to say you hypothesized these would remain independently associated with fatal opioid overdose even after adjustment for other socioeconomic and demographic indicators (or something similar). 'Multivariable adjustment' on its own leaves the reader unclear on what you are doing.

Response: This comment was integrated with authors instruction for the introduction, to "conclude with a brief statement of the overall aim of the work and a comment about whether that aim was achieved." Lines 82-83 were revised as follows:

"The MDAC database supported our aim to estimate hazard ratios for demographic, geospatial, and individual-level SES risk factors and fatal opioid overdose in the United States."

 

Comment 8. Methods, lines 93-95: "Representativeness of the sample relative to the United States population was enhanced by applying weights to account for variable sampling." -- I don't think you need this sentence and it makes the description of sampling weights less clear. The phrase 'variable sampling' is vague -- unclear if variable is used as an adjective (as in varying) or noun (as in age, sex, etc. variables used for sampling).

Response: When lines 94-101 were revised, addressing sample weights, this sentence was deleted:

"The sample frame for the ACS is derived from the Master Address File. Sampling is designed to approximate age, sex, race, Hispanic ethnicity, and state of residence distributions observed in the Census Bureau's annual United States population estimates. Whites were oversampled by about 2% compared to the 2010 Census, and therefore observations for this group were assigned weights of slightly less than one. Other racial/ethnic groups were undersampled by one percent or less, given weights slightly above one. Overall weights were centered on one observation per respondent i.e., the weighted sample approximates the number of 2008 ACS responses rather than the U.S. population. Table cell counts were rounded to four significant digits to prevent disclosure of identity."

Comment 9. Results, line 156: "weighting to the U.S. population" could be clearer if you say "weighting to the age, sex, etc...distribution of the U.S. population." Otherwise wording could imply that the sample size is weighted to the size of the US population and someone reading quickly or without much background in survey data analysis might misunderstand that only 3800 opioid overdoses occurred in the US if not clarified that the exact numbers do not represent the US population size.

Response: Lines 148-149 was revised as follows:

"After... weighting to age, sex, race, Hispanic ethnicity, and state of residence distributions of the U.S. population..."

Comment 10. The result in the final model that black participants were at lower risk of fatal overdose should be considered more thoroughly. The unadjusted and partially adjusted models suggest black race is a risk factor for fatal overdose and this association only becomes protective after adjusting for many SES related factors that disproportionately affect African American communities. A model considering race as a main exposure should not be adjusted for SES factors because race would predict some of those SES indicators but the SES factors would be mediators of relationships between race and opioid fatality (i.e., direction of causality is not SES factors predicting race which would be required for SES factors to confound relationship of race and overdose fatality). Thus the partial model may be more relevant here. I would suggest stating both the partial and full model results for race in your results and interpreting some of this in the discussion because it suggests that some attention to structural factors disproportionately affecting African Americans could decrease opioid overdose mortality among African Americans. Presenting only the full model results of a protective relationship suggests that African American communities are less affected by the opioid epidemic, which may not necessarily be the full story here.

Response: In the results, on lines 194-196, the less adjusted model results are described:

" In univariate and partially adjusted models Blacks had increased hazard rates (HR=1.37, CI: 1.16, 1.60) and (HR=1.44, CI: 1.22, 1.69), respectively, although those rates became lower than 1 after further adjusting for SES in the final model (HR=0.81, CI: 0.68, 0.96)."

Also, in the paragraph 2 of the discussion (lines 243-254) we address this important comment:.

"If SES partially mediated the effect of race in the final model, then interventions that impact SES, such as improving education, may have among their many advantages, the ability of help decrease opioid overdoses and associated racial disparities. \[25-28\]"

Comment 11. Line 248: Might consider making the statement "patients using opioid therapy for chronic pain should be carefully selected" a bit more specific and actionable by citing CDC opioid prescribing guidelines (Dowell et al CDC Guideline for Prescribing Opioids for Chronic Pain\--United States, 2016). Could say something like: "physicians should weigh the benefits and risks of opioid therapy using national guidelines for opioid prescribing." More recently these guidelines have been evaluated and you could also evaluate that literature in rewriting this sentence.

Response: Paragraph 3 of the discussion (lines 259-275) was expanded to include the CDC guidelines by Dowell et al (ref 29) and the Consensus panel report (ref 30) and CDC commentary (ref 31). A National Academies of Sciences, Engineering, and Medicine consensus report on opioid use disorder (ref 32) was also included at the recommendation of another reviewer of this manuscript:

"People who were disabled had almost three times higher risk of death from opioid overdose than those without a disability, likely reflecting use of opioid analgesics to treat chronic pain. In 2016, CDC published guidelines to assist prescribers in weighing the benefits and risks of opioid therapy for chronic pain. \[29\] In 2019, the guidelines were evaluated by a consensus panel \[30\] and the CDC published a perspective \[31\] on measures to prevent misapplications of the guidelines that can cause harm. Examples include inflexible application of dosage and duration thresholds, abrupt tapering of opioid dosages, drug discontinuation, or dismissal of patients from care. Misapplication of the guidelines to other patient populations is another concern. This includes patients with pain at end-of-life, from cancer, acute surgical recovery, sickle cell crises. Application of chronic pain dosage guidelines when prescribing opioid agonists to treat opioid use disorder can also cause harm. A consensus report highlights national gaps in evidence-based care for opioid use disorder that can save lives. \[32\] A need exists for empathetic chronic pain management such that non-opioid treatment is provided to the need for opioids, while taking into consideration the risks associated with each type of treatment. When patients agree to taper the dose of opioids, it is helpful for the pace to be individualized and gradual, to minimize withdrawal symptoms. \[32\] Further research on alternative chronic pain management strategies could point to interventions that lower opioid overdose mortality among patients at risk for opioid use disorder because of their medical comorbidities. \[33\]"
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Dear Dr. Altekruse,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.
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